
























Figure 3. -Aerial view looking south across the forebay reservoir. The first portion of placed membrane lining is visible in the near
right side of the reservoir and the processing plant is located in the center of the reservoir area. Also. the inlet-outlet structure
(upper left-hand corner). forebay dam (foreground). slope protection material around the perimeter of the reservoir. and
subgrade areas being prepared by the contractor are visible. Photo C-382 706-14510 NA.

could lessen the stability of the hillside and reac-
tivate the ancient landslide led to the decision in
August 1979 to place an impervious membrane
in the forebay reservoir .

In September 1979, Dr. Frank Pat ton, a consult-
ing engineering geologist, was retained to study
the hillside stability problem. He concluded that
"the present reservoir seepage condition is sig-
nificantly increasing the pore water pressures in
the hillside and, therefore, should be considered
a principal destabilizing factor." He recom-
mended that the reservoir be drained immediate-
Iy, and that an impervious membrane be required
for lining the upper (forebay) reservoir. This con-
firmed the Bureau's decision to line the reser-
voir.

construction. An intensive effort was, therefore,
made to investigate all critical requirements of a
membrane lining for long-term service under the
unique and severe climatic and operating condi-
tions to be encountered at Mt. Elbert. The reser-
voir located in a high mountainous terrain, can be
subjected to severe daily and seasonal tempera-
ture extremes, high winds, and thick ice forma-
tion in the winter. Also, the maximum head in the
reservoir will be 21 m (70 ft) with the water level
fluctuating approximately 9 m/week
(30 ft/week) as a result of the pump-generating

operations.

Alternative linings such as portland cement con-
crete and asphaltic concrete were investigated.

However, they were rejected for the following
reasons:

1 .They would require the production of large
amounts of aggregate,

Selection of Membrane Lining

Installation of a membrane lining under the condi-
tions at Mt. Elbert was unprecedented in USBR
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Figure 5.-Excavating the existing gravel slope protection from the 1.5-m (5-ft) earth lining. Photo
P-801-D-79726

Figure 6.-Processing plant used to separate plus 75-mm (3-in) size rock from the quarry reject
material. This material was used to supplement the existing rock riprap. Photo P-382- 706-28090
NA
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Figure 7 .-Processing plant used to separate the minus 25-mm (1-in) material from the 0.61 m (2 ft)
of excavated earth lining. Photo P-801-D-79727

Figure 8. -Closeup view of harp screen used to separate plus 25-mm (1-in) material from the 0.61 m (2
ft) of excavated earth lining. The tension in the wires which comprise the screen can be increased
or decreased to alter the screening properties. Photo P-382- 706-28254 NA
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Figure 9.-Spreading minus 25-mm /1-in) subgrade material. Photo P-801-D-79728

Figure 10.-Placing subgrade material on 3:1 reservoir side slopes. Photo P-801-D-79729
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Figure 11. -Pneumatic-tired roller used initially to compact the subgrade material. Photo
P-801-D- 79730
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Figure 12. -Vibratory smooth-drum roller used for final rolling of subgrade. Photo P-382- 706-
28235NA.
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Figure 13.-Closeup view of subgrade upon completion of rolling. Subgrade at bottom of photo has
not been rolled. Photo P-801-D- 79731

Figure 14.-Laborers walking across subgrade. prior to placement of the membrane liner. removed all
rocks which could puncture the liner. Photo P-382- 706-28229 NA
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Figure 15. -Initial placement of O.45-m ( 18-in) earth cover consisting of minus 25-mm ( 1-in) material.
Photo P-801-D- 79732

Figure 16. -Dozer spreading O.45-m ( 18-in) earth cover material. Large clods of earth were the result
of dessication of minus 25-mm (1-in) material while on the stockpile. Photo P-801-D-79733

18



Figure 17.-Placement of O.45-m (18-in) earth cover on 3:1 reservoir side slopes. Material was
dumped at the toe of slope by scrapers and then pushed up the slope by dozers. Note presence of
inspector. Photo P-801-D-79734

coarse gravel protection stockpiled around the
reservoir, together with the plus 25-mm ( 1-in)
material, was used to blanket the earth cover
between the elevations of 2935 and 2926 m
(9630 and 9600 ft).

3. Ice action

4. Vandalism

5. Wind

6. Mechanical damage during construction
and operation

Four filling channels were reconstructed in the
east half of the reservoir to direct filling flows to
low areas without eroding the earth cover .

Slope Protection Material. -Once the earth
cover was placed over the liner, the slope pro-
tection material was replaced. New bedding ma-
terial was hauled 3.2 km (2 mi) to the forebay by
bottom-dump trucks from an aggregate source
located west of the Mt. Elbert Powerplant. The
riprap was replaced from the top to the bottom
of the slope (fig. 18) by crawler tractors with
rock buckets. The plus 75-mm (3-in) quarry re-
ject material used to provide additional riprap
was mixed with the existing riprap rather than
being used solely in one area.

Membrane Installation

The CPER lining material (fig. 19) is of three-
layer construction consisting of two equal thick-
nesses of CPE (chlorinated polyethylene) lam-
inated to one layer of 10 by 10, 1000-denier
polyester scrim. The physical properties require-
ments for this lining are given in table 1 .

The lining was factory fabricated into "blankets,"
each 1 300 m2 ( 14 000 ft2) in size and weighing
approximately 2268 kg (5000 Ib). Two shapes
of blankets were furnished: 61 by 21 m (200 by
70 ft), containing 14 factory seams made with a
LeisterTM hot-air gun; and 30 by 43 m ( 100 by
140 ft) , containing 29 factory seams made di-
electrically. The latter shape was designated

The minus 75-mm (3-in) portion of the quarry re-
ject material together with sand, gravel, and
cobbles from the old bedding was placed on the
20: 1 beaching slopes between elevations 2941
and 2935 m (9650 and 9630 ft) (fig. 1 ). The
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Figure 18. -Placement of riprap adjacent to inlet-outlet structures. Photo P-801-D- 79735

Figure 19.-Sample of CPER lining consisting of two outer plys of 0.51-mm (20 mil) CPE and an inner
plyof 10 x 10. 1000-denier polyester reinforcing scrim. Photo P-801-D-79736
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Figure 20.- The 2268-kg (5000-lb) palletized membrane lining as received at jobsite. Photo
P-801-D- 79737

Figure 21.-Modified front-end loader used to transport and unroll membrane lining around jobsite.
Photo P-382- 706-28238 NA
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Figure 22.-Modified front-end loader unrolling membrane lining on prepared subgrade. Photo

P-801-D-79738

Figure 23. -Labor crew unfolding and positioning membrane lining blankets. Photo P-801-D- 79739
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Figure 24. -Installation of the reservoir membrane lining on the side slopes. Note tires used to hold
down lining against wind. Photo P-801-D-79740

Figure 25. -Three-mancrew performing consecutive seaming operations. Note O.45-m ( 18-in) earth
cover placement on side slope in the back ground. Photo P-801-D-79741
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Figure 26.-Cleaning of CPER lining with solvent. Photo P-801-D-79742

Figure 27.-0verlap seam area cleaned and ready for seaming. Photo P-801-D-79743
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Figure 28. -Application of bodied solvent adhesive on prepared overlap seam area. Photo
P-801-D-79744

Figure 29. -Hand-rolling seam after application of bodied-solvent adhesive. Rolling is progressing from
left to right of photograph. Photo P-801-D-79745
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Figure 30.-Air-testing field seams. Photo P-801-D-79746

Figure 31.-Air test showing defective. unbonded section of overlap seam. Photo P-801-D-79747

27





~

- ,...,.,

Figure 33.-Membrane lining temporarily anchored with rub-
ber tires prior to backfilling. Photo P-382- 706-28163 NA

Figure 32.-Excavation of anchor trench by backhoe at top of
reservoir side slope. Uncompacted area on the reservoir
side of the trench was the source of the plus 25-mm ( 1-in)
material which got under the membrane and had to be
removed by cutting and patching the membrane. Photo
P-382-706-28158 NA

Figure 34.-Compaction of the backfill material in the anchor
trench. This portion of the anchor trench was in the
perimeter of the access road (top of photograph). This type
of compaction may result in less stress on the liner than
compaction by the wheels of the construction equipment.
Photo P-801-D-79748
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Figure 35.-Membrane lining installation around the inlet-outlet structure. Photo P-382-706-
28466 NA

Figure 36. -Attachment of membrane lining to inlet-outlet structure using contact adhesive. Photo
P-382-706-28460 NA
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Figure 37. -Attaching redwood batten boards to finalize anchoring of membrane lining to inlet-outlet

structure. Photo P-801-D-79749

Figure 38.-USBR inspector marking defective area on membrane lining for repair. Photo

P-801-D-79759
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Figure 39.-USBR inspector cutting out daily field seam samples. Photo P-801-D-79750

Special Field Studies and Observations

In addition to the OA Program discussed in the
next section, special studies were conducted
and observations were made in the field to gain
additional information on the CPER performance
and construction methodology. A synopsis of
each of the observations and special studies
follows:

Areas to be tested were selected with the
assistance of contractor and subcontractor
personnel.

One night test was conducted for instrument
calibration and to establish test procedures.
The two daylight tests (9:30 a.m. and 2:30
p.m.) did not show thermal differences due to
direct solar heating of the test areas.

The two night tests (9:30 p.m. and 4:00
a.m.) indicated gross areas of thermal differ-
ences caused by the uneven subsurface
beneath the membrane. There was some indi-
cation of small air pockets, but the differ-
ences in coloration were not strong enough
for positive identification.

Field test of thermal infrared scanner. -In an
effort to field check the bodied-solvent ad-
hesive, a thermal IA (infrared) scanning device
was brought to the Mt. Elbert jobsite for test-
ing the seam integrity. Briefly, the theory of
the tests was the IA scanner detecting air
voids or air pockets caused by imperfect
bonding of the field seams. The scanner
senses temperature differentials in its field of
view and displays these differences on a CAT
(cathode-ray tube), where warmer areas are
white and cooler areas are black. Instrument
sensitivity is nominally less than -16.7 oC
(2 OF). The air pockets are cooler than the sur-
rounding surface and show darker on the
screen.

Based on these tests, it appears that the fol-
lowing three factors prevented the identifica-
tion of the air voids:

a. Moisture condensation under the mem-
brane caused by thermal cooling after
sunset. This moisture acted as a heat sink
and barrier causing a uniform distribution
of the thermal energy.

A total of five tests was conducted, two dur-
ing daylight hours and three during the night.

b. Presence of numerous air pockets
caused by the uneven surface underneath
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Figure 40. -Inspection of lining test section to determine effect of loose aggregate on membrane lin-
ing. Photo P-801-D-79751

Figure 41 .-Membrane lining exhibiting stressing after being placed over aggregate in figure 42. Photo
P-801-D-79752

34



Figure 42.- Typical size and spacing of aggregate placed under the membrane lining test section.
Photo P-801-D-79753

Figure 43. -Test specimen after Mullen hydrostatic testing. Delamination of lining has occurred due to
aggregate point stressing. Photo P-801-D-79754
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Figure 45. -Overall view of automated hydrostatic test facility with vessels (tops removed) on the left
and controller on the right. Photo P-801-D- 79755

Figure 46.-Hydrostatic vessels in operation with tops in place. Photo P-801-D-79756
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Figure 47. -Resultant deformation of CPER after testing over an aggregate subgrade in the
hydrostatic vessels. Photo P-801-D- 79757

it was decided to compare all three types of
seams (hot-air, dielectric, and bodied-solvent
adhesive), as well as capped versus uncapped
field seams. Also, anticipating a potential prob-
lem of water wicking within the polyester scrim,
it was decided to test coated edges versus non-
coated edges in an effort to detect any noticea-
ble physical property changes. The long edges
of each panel section were protected from wick-
ing by coating them with the bodied-solvent
adhesive.

2. A 0.61- by 17-m (2- by 55-ft) section
was cut from each of the above samples and
returned to the E&R Center in Denver for initial
physical property testing.

3. The two sample sections (each approxi-
mately 3 by 17 m ( 10 by 55 ft)) were seamed
together using standard field seaming pro-
cedures as specified except that the 75-mm
(3-in) cap strip was omitted. The two sections
were first positioned such that the factory
seams of each were offset a minimum of

O.15m(6in).All test section work was performed by the in-
staller in accordance with USBR instructions and
with the USBR inspectors present. The contrac-
tor's installation supervisor and a three-man
seaming crew fabricated the test section using
standard field installation procedures. The
following is a summary of the fabrication and in-
stallation procedures:

4. After field seaming the sample sections
together, both sections were cut across the
factory seams and a minimum of 1.5 m (5 ft)
from either end. The cut sections were then
field seamed back together using standard
seaming procedures with a cap strip.

1 .Sample blanket sections representing
each of the two factory seaming methods (di-
electric and leister (hot-air)) were taken from
blankets already on the job. Each sample
blanket section measured approximately 1 7
by 3.5 m (55 by 12 ft).

5. The 17- by 6-m (55- by 20-ft) test sec-
tion was cut into 11 individual panels, each
measuring approximately 1 .5 m ( 5 ft) in width
by 6 m (20 ft) in length. The two long edges
of each panel section were coated with the
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Figure 48. -Installing CPER test panels over sand bedding in field test section. Photo P-801-D-79758
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